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Abstract This review deals with environmental home
inspection services in Western Europe provided for
patients at the request of attending physicians to improve
patient management. Such requests are usually motivated
by respiratory or general symptoms which occur or worsen
at home. The visit includes a standardised questionnaire as
well as environmental sampling such as mite-allergen
measurement, mould identification and volatile organic
compound (VOC) measurements. Besides, some non-
respiratory indoor risks are also taken into account. Fol-
lowing the visit, a report is sent to the family and the
attending physician. These services have been developed
since the early 1990s, but evaluation of their efficacy is still
limited. Some studies have demonstrated a reduction in
mite-allergen levels and clinical improvement following
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the visit and implementation of advice provided to the
family. However, more studies are needed to further doc-
ument efficacy and also perform cost-benefit analysis of
these services.
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Establishment of environmental home inspection
services

The relevance of indoor aero-contaminants to chronic
respiratory diseases, especially asthma, has been fully
acknowledged [1, 2]. The US National Asthma Education
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and Prevention Program for the Management of Asthma
includes special attention to environmental triggering fac-
tors [3]. Besides aero-contaminants, other indoor risk fac-
tors such as lead poisoning, domestic accidents or other
risks also need to be evaluated in the environmental
inspection. Such dedicated services were created at about
the same time, in the early 1990s, at the Strasbourg Uni-
versity Hospitals in France (CMEI) and at the Institute for
Indoor Diagnostic (IFID) in Germany, then in Switzerland
and Sweden in 1994, being called “green ambulances” in
these latter countries. Their objective was to assess a whole
array of physical, chemical as well as biological indoor
environmental risks. Such services have subsequently been
developed in Luxembourg by the Ministry of Health,
Luxembourg (MHL) [4] and in Belgium in the form of the
Service d’Analyse des Milieux Intérieurs (SAMI) Liege
(htttp://www.sami.be), SAMI Namur and Cellule Régionale
d’Intervention en Pollution Intérieure (CRIPI) in the
Bruxelles area [5] and Laboratoire d’Etude et de Préven-
tion des Pollutions Intérieures (LPI) in the Hainaut Prov-
ince of Belgium, and SAMI-Lux in the Luxembourg
Wallon Province in 2002 (http://www.sami.be). SAMI
Braban Wallon was set up in 2008. From 1998 to 2004,
Interenvironment Wallonie coordinated in Bruxelles an
interdisciplinary network, the Sandrine project [6], an
integrated strategy for health, environment and sustain-
ability. In France, a service devoted to the assessment of
respiratory health hazards was developed by the Strasbourg
University Hospitals in 1991 (Conseillers Médicaux en
Environnement Intérieur, CMEI) [7, 8] and in the early 2000s
by the Paris City (Laboratoire d’Hygiéne de la Ville de Paris,
LHVP) [9]. The CMEI service has also been implemented in
Portugal (Housing & Health Quality, H,Q) [10] and in
Marseille, France [11]. In southern France, a service (Conseil
Habitat-Santé, CHS) was developed in 2001 after the green
ambulance service to assess a large array of respiratory and
non-respiratory indoor health hazards [12, 13]. All these
services are activated because of health complaints. In
addition, there are institutional services in various countries,
especially in main towns, which are dedicated to inhabitants’
environmental complaints. This review will only consider
the former group, i.e., those services that are activated by the
attending physician when a relationship between housing
conditions and health is questioned.

In this review, we will present the services provided by
environmental home inspection organisations, their current
achievements and future developments.

Services provided by the different organisations

e The name of each service, its location, year of estab-
lishment and measurements performed are presented in
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Table 1. Only data which have been published or
appear on the website of the organisation are listed.
General symptoms refer to fatigue, myalgia or
dizziness.

e All teams use a standardized questionnaire (data refer
to current symptoms) and perform environmental
sampling of biological, chemical and physical pollu-
tants (Table 1)

Biological pollutants

e Environmental sampling includes collection of house
dust from mattress, floor and other sites. All services,
except LHVP and CMEI, which performs a mite-
allergen measurement using an enzyme-linked immuno
sorbent assay (ELISA) technique, rely on assessment of
guanine content using the Acarex test. This test enables
cheap, semi-quantitative, on-site evaluation of the mite-
allergen content of house dust [14]. The results indicate
positive results as (++) and (4+++) for high exposure
to mite allergens [14]. Exposure to pet allergens is
assessed through questionnaire and visual inspection,
but in Strasbourg University Hospitals by also mea-
suring cat or dog major allergens using ELISA.

e When visual inspection shows mouldy surfaces, all
teams perform direct environmental sampling by the
scotch test [15] and a contact method, together with air,
material or dust sampling in most services [16].

Chemical pollutants

e Measurements of volatile organic compounds (VOC)
are performed by most teams, following selection of the
most appropriate analysis to be performed in relation of
data from the questionnaire and home inspection. VOC
analysis of air samples was performed in 41% and
formaldehyde measurements in 28% of dwellings
inspected by IFSI [4]. Pesticides are investigated by
CRIPI and SAMI-Lux on air or dust samples. MHL
performs a comprehensive evaluation of indoor chem-
ical pollutants [4]. CO, measurement is used by IFSI
and LHVP to compute the air exchange rate. IFSI as
well as the CHS service measure CO levels. The CHS
service identifies the risk of lead poisoning based on the
age of the building and the presence of children aged
6 years or less (no measurement of lead, which is
performed by an administrative agency following the
CHS visit). LHVP performs measurements of lead in
wall paint in case of lead poisoning. MHL performs
measurements of biocides, flame retardants, polychlo-
robiphenyls (PCB), polycyclic aromatic hydrocarbons
(PAH), phthalates and VOC.
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Physical pollutants D
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According to teams, measurements of indoor air and/or S BT =B B B
wall temperature and humidity are performed. SAMI-Lux .
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measures exposure to radon. CRIPI may measure lead 2 =
levels on pipes and paint, and in some instances asbestos % [
. K . . cloa T a0«
fibres. The CHS service evaluates risk of domestic acci- H= s =
dents and noise, measures electromagnetic fields and ~ |2
checks CO air levels. MHL provides measurements of 8 g
radon, asbestos fibres and electromagnetic fields. R S
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Who asks for such an environmental inspection? § % sl 1 g®
2 | w
e All services ask the attending physician, general prac- z §
titioner or specialist to be the starting point and write a g3 =
.. . . . 2l1Ea
prescription. This document is sent to the service, E|l2
which phones the family to arrange an appointment. A A E [ ‘ .
housing inspection from CRIPI and MHL can also be g\ = & v @ ¥ o
requested directly by patients, but they will then have to 5 =
. . . - (=
pay for the service. IFID performed 10% of inspections 4 TI
at the request of a private person who wished to check a % E sl 1 =wo
dwelling before buying it or was involved in a legal g
procedure. SAMI-Liege reports 70% direct requests g E
from patients (http://www.sami.be). MHL [5] reports 2 &y
s . S | & o I O © 0~ >~ | @
45% prescriptions and 55% direct requests from |0 & A = a o« <~
. =]
patients = %~
E§1a&
=R RORS|
: . . . S|=
Which symptoms lead to environmental inspections? 2|Ss|lgegowo v
(Table 2) 3|
= | oo
: |43
In the IFID experience, bronchial symptoms are acknowl- g E g
edged by 63% of persons living in inspected dwellings, ear, E < Isl R I
nose, throat (ENT) symptoms by 58%, “allergies” by 49%, b
headaches by 46% and recurrent infections by 45%. In the é S
CHS service, 69% of patients complain of rhinitis, 52% _g E I
asthma, 18% conjunctivitis, 10% recurrent bronchitis and El=sl2om2g*®d
8% chronic cough [13]. In the CRIPI statistics, the symptoms :: s
leading to a call are, in order of decreasing importance: 2 b
. . . =
asthma, nocturnal cough, recurrent respiratory infections, }é é 2 IR
respiratory or ENT allergy, respiratory symptoms and = -
hypersensitivity pneumonitis (http://www.sami.be). In the 2 § ”
MHL experience [4], the main groups of symptoms leading % E. E
to indoor investigations are irritation of nose, eyes and skin & 2 > 2 E
(31%), respiratory problems (including cough, asthma and g g g %, & %D <
i . S, = e
recurrent bronchitis) (25%), systemic symptoms (headaches, s § S E § - S =
.. .. . . [ 2 o o o >
nausea, dizziness, muscular and joint pain) (21%), sleeping E* > E 2 % g 2 %D -
problems (10%) and skin irritation (9%). Of dwellings, 5% ~ g 58 § £ T: E ; s é)
were investigated for prevention. CMEI was also involved & 2 E ; 2= 8 5 &858 E
in diagnosis of invasive aspergillosis [17] = <33 #F S k0I5
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Who performs the environmental inspection?

e Usually, a team includes 2 persons because of time
constraints (the inspection will be shorter) and also
because of safety issues. In the IFID and SAMI ser-
vices, the inspection is performed by a specialized
physician, and in LPI service by a biologist.

Who gets the result of the inspection?

e The family is given oral recommendations at the end of
the inspection. Furthermore, a report including results
of environmental sampling and a summary of the health
hazards and recommendations are provided to both the
family and the attending physician.

Who pays for the inspection?

e The IFID service is free when the inspection request
comes from a physician who has validated training in
environmental medicine. The Belgian services are free,
apart for SAMI-Lux, which asks for an all-in price of
€50. In France also, services are free of charge, apart
from air sample analyses in CMEI, for which the
patient has to pay. The French Ministry of Environment
has recently decided to sponsor half the salary of 16
persons during 3 years in 3 or 4 administrative regions
(http://www.ecologie.gouv.fr). In H,Q [10], the cost of
the visit is entirely supported by the family. The MHL
service itself is free, but there is a small, symbolic,
single contribution to laboratory costs (independent of
number of samples).

Current achievements

Few data have been published in peer-review journals.
Most data come from reports available on the web.

Environmental health hazards identified by the various
services are presented in Table 3.

Presence of moulds is the leading defect identified,
followed by a high level of house dust mite allergens.
Those 2 defects are often associated, because they are
linked to excessive indoor humidity. Table 3 also lists non-
respiratory risk factors possibly related to exposure to
chemicals.

Efficacy of some services has been evaluated through
interviews of families, without any objective measurement
(Table 4). IFID and CRIPI concluded that 30% of families
did not implement the recommendations. This percentage
was 25% in the SAMI experience and 40% in the CHS
service [13]. CMEI has led more detailed validation of the
impact of home inspection on mite-allergen levels [18].
The CHS service has published a telephone evaluation
about the implementation of recommendations provided
following the home inspection [12]

Future strategies

Several aspects of these services deserve to be
highlighted

e Firstly, several health hazards are generally identified
in inspected dwellings. As an example, in 84% of
dwellings inspected by the CHS service, several rec-
ommendations have been provided [13]. The same
conclusion was drawn by the 2002 National French
housing survey [19]: among the subgroup of dwellings
with visible moulds, 23% had another structural defect,
13% had 2 other defects and 2% had 3 other defects.
Similar observations were made in surveys performed
in the 1990s in inner-city Boston [20]. Thus, the World
Health Organization (WHO) recommended that home
inspections should take into account a large array of
housing hazards [21]. A pilot study has demonstrated
the feasibility of this approach and its high efficacy to

Table 3 Main risk factors identified (a single dwelling may exhibit several risk factors)

IFID MHL SAMI-Liege SAMI-Lux CRIPI LPI Hainaut CMEI CHS LHVP H,Q
(n=500) (n=2,086) (n=484) (n=200) (n=317) (n=100) (n=1721) (n =650) (n=170) (n = 715)
Moulds 60 13 66 43 40 51 35 74 68 79
House dust mites — - 24 10 - 34 92 23 70 59
VOC 20 19 7 29 13 1 10 10 - -
Mineral fibres - 2 7 7 - - 1 - - -
Pesticides - 23 2 - 2 1 - - -
Flame retardants — 32 - - - - - - - -
EMF - 21 - - - - - - - -

Values are percentages
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Table 4 Evaluation of clinical status following environmental home inspection in patients who stated they had complied with advice provided
by counsellor

IFID SAMI-Liege SAMI-Lux CRIPI LPI CMEI Marseille CHS H,Q
Improvement 50 80 70 70 87 83 41 84
Steady state 50 20 30 30 13 17 59 16

Worsening - - _

Values are percentages

control risk of domestic accidents [22]. However, in the
large US housing hazards assessment protocols, not all
hazards were taken into account [23]. Noteworthily, of
7 such US programs, only 2 took full account of risk of
domestic accidents.

Secondly, the relative importance of the various indoor
health hazards identified was very similar in the various
services. Excessive humidity, leading to mould and
house dust mite proliferation, was ranked first by far. A
recent meta-analysis demonstrated that living in a
humid environment is related to a significant risk of
developing de novo asthma and decreasing asthma
control in asthmatic patients [24]. Such conclusions
have also been reached in a large European collabora-
tive epidemiological survey [25]. Exposure to hydro-
philic moulds seems to present a greater health hazard
than exposure to mesophilic moulds [26]. This result
favours mould identification during housing inspection,
which is not a common practice nowadays. The leading
role of high humidity accounts for the fact that this
issue is strongly connected to poor housing. Thus,
management of such dwellings often involves a
network including local councils, social workers and
rehabilitation agencies.

Thirdly, efficacy of such housing inspection for improv-
ing health has been poorly documented. In the field of
house dust mites, a multi-centre French study [18] has
demonstrated a larger reduction in mite-allergen levels
following home inspection, compared with recommen-
dations provided during an outpatient visit. The inner-
city asthma study, a multi-centre US study including
1,000 asthmatic children, demonstrated a drop in
symptomatic days following a home inspection which
provided the family with tools for implementing a mite
avoidance program and recommendations about expo-
sure to passive smoking [27]. The Seattle-King County
Healthy Homes project randomly assigned 274 low-
income children with asthma to either a high- or low-
intensity intervention program including measures to
reduce allergen avoidance and improve housing condi-
tions. Children in the high-intensity intervention group
had a clinical benefit in terms of decreasing emergency
visits and lower number of days with activity limitation

@ Springer

[28]. Those two interventions studies led the Environ-
mental Protection Agency (EPA) and the Centers for
Disease Control and Prevention (CDC) (http://www.
thecommunityguide.org) to recommend the use of home-
based multi-component multi-trigger environmental
intervention, at least in asthmatic children. The multi-
centre US program [29] concluded that the intervention
was cost-effective when the aim is to reduce asthma
symptom days and the associated costs.

Conclusions

In future studies, it is necessary to perform cost—benefit
analyses based on data collected in a standardized way by
environmental inspection services. A follow-up visit
including environmental measurements should be organ-
ised to obtain more objective data on efficacy.
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